Human parainfluenza virus (HPIV) infections are one of the commonest causes of upper and lower respiratory tract infections. In order to determine if there have been any recent changes in HPIV epidemiology in England and Wales, laboratory surveillance data between 1998 and 2013 were analysed. The UK national laboratory surveillance database, LabBase, and the newly established laboratory-based virological surveillance system, the Respiratory DataMart System (RDMS), were used. Descriptive analysis was performed to examine the distribution of cases by year, age, sex and serotype, and to examine the overall temporal trend using the χ 2 test. A random-effects model was also employed to model the number of cases.
INTRODUCTION
Human parainfluenza viruses (HPIVs) are among the commonest causes of upper and lower respiratory tract infections, especially in young children [1] [2] [3] . Some literature has reported that in children aged <5 years, HPIV infections were the second most common cause of acute respiratory illness resulting in hospitalization, surpassed only by respiratory syncytial virus but ahead of influenza viruses [4] . Immunity to HPIV is incomplete, and infection and reinfection occur throughout life [5, 6] . There are four currently recognized HPIV types (1) (2) (3) (4) , with all causing a full spectrum of respiratory illness, including the common cold, upper respiratory tract illness (URTI), croup, and severe lower respiratory tract illness (LRTI), such as bronchiolitis and pneumonia [2] . Studies suggest that 2-17% of hospitalizations for acute respiratory infections in children aged <5 years are due to HPIV infection [7] [8] [9] . HPIV-3 is the most virulent of the HPIVs and is associated with significant morbidity and mortality [10] . A modelling study based on all hospitalizations for lower respiratory tract infection in children aged <5 years in England between 1995 and 1998 estimated that 12·9% of unspecified pneumonia hospitalizations were due to parainfluenza infections and 12·7% of unspecified bronchiolitis hospitalizations [11] . A study found that HPIV infections accounted for 6·8% of all hospitalizations for fever, acute respiratory illness, or both in children aged <5 years [12] . Among adults, most HPIV infections cause mild disease manifesting as upper respiratory tract symptoms [2] . Adult patients more frequently present with influenza-like symptoms compared to children [13] . HPIV infections, however, also cause more severe disease. One study [14] reported that at least 2% of cases of community-acquired pneumonia requiring hospitalization in adults were associated with an increase in HPIV antibodies. HPIV infections have also been identified as a cause of nosocomial outbreaks involving paediatric, geriatric and bone marrow transplant wards [15] [16] [17] [18] . In addition, HPIV infections can cause outbreaks of acute respiratory illness in institutionalized elderly people [19, 20] .
Specific antiviral therapy of proven value for HPIV infection is not yet established although immunosuppressed patients have been given oral ribavirin for treatment which showed that use of ribavirin early and at higher doses might improve the outcome [3, 21] . Despite decades of research, there are currently no licensed vaccines available to protect against infection caused by any of the HPIV types [4, 10] . Prevention thus relies on more traditional nonpharmaceutical respiratory infection control and prevention packages such as isolation, cohorting, hand hygiene, cough etiquette and face masks.
The last detailed surveillance report [22] on HPIV in England and Wales was published in 1999 based on the routine laboratory infection reports between 1975 and 1997, which reported that HPIV-3 was the main HPIV type with a clear annual peak occurring between late spring and summer. The seasonality and circulation for other types of HPIV were also described. Since then no further in depth publication has been reported. In recent years, routine clinical surveillance data [23] have shown secular declining trends in consultation rates in primary-care setting due to respiratory infections such as influenza-like illness, acute bronchitis, pneumonia, upper and lower respiratory tract infections in England and Wales. Therefore, this analysis of laboratory surveillance data on HPIV infection has been undertaken to examine the recent situation in relation to HPIV and determine if there have been any changes in the clinical and epidemiological characteristics of HPIV infections between 1998 and 2013 in England and Wales.
METHODS

The LabBase database
All parainfluenza infection reports from England and Wales between specimen weeks 1 (1998) and 52 (2013) were extracted from the Public Health England (PHE) national laboratory reporting scheme, the LabBase database [24] . This database collects routine laboratory clinical test results of all microorganism detections from public health and non-public health laboratories throughout England, Wales and Northern Ireland. All laboratories were required to submit their data to the system as soon as and as often as they could. Indeed, some laboratories do report their data daily. As LabBase has been replaced by a new surveillance system called the Second Generation Surveillance System (SGSS) since 2014, to avoid any possible inconsistency this change might bring in, only data up to 2013 were included in this study. Each record in the database corresponds to an individual episode of illness and contains demographic and certain clinical information of patients. A unique organism-patient-illness-episode identification (OPIE ID) was assigned to each unique record. This OPIE ID was used to identify any duplicate records defined as infections within a 6-week period in an individual within the study dataset. De-duplication was carried out before the analysis. The following data fields were obtained from the database: earliest specimen date, age, sex, serotype, testing method, specimen type, specimen source and clinical features.
Due to multiple testing methods, different specimen types and specimen sources, and various clinical features were reported in the same patients' samples; 1826 individual patients in the extracted dataset had multiple records. This in total generated 2715 extra records. These extra records were removed when analysing by age, sex and serotype as there should only be one value for each patient episode. However the additional records for each patient were included in the analyses of testing methods, clinical features and specimen source in order to understand the complete picture.
The Respiratory DataMart System (RDMS)
The recently established sentinel laboratory-based virological surveillance system for multiplex-respiratory virus PCR testing of respiratory samples, the RDMS [25] was also used to extract HPIV test data collected from a network of 14 major regional PHE and local National Health Service (NHS) laboratories in England only. RDMS includes both positive and negative test results and therefore the proportion of positive samples can be calculated. The RDMS for noninfluenza respiratory viruses was established from the end of 2009. Data de-duplication was also carried out for this system. The complete dataset between specimen week 1 (2010) to week 52 (2013) was used in this analysis. Patients' demographic data and test data are collected but no clinical data. Positive HPIV test data from 12 out of the 14 RDMS laboratories were also submitted for inclusion in the PHE LabBase database during the study period (the reasons for those two laboratories not submitting data to LabBase were not clear).
Statistical analaysis
Descriptive analysis was undertaken to examine the case distribution by year, age, sex and serotypes, and to examine the overall trend in proportion of cases in different age groups using χ 2 test for trend.
The random-effects model in a Bayesian framework was used to model the number of positive detections according to age group and year. Changes in the sampled laboratories over time were accounted for via a fixed effect for the baseline rate in each laboratory. The model included fixed effects for age groups and age group-specific linear trends. Overall trends were allowed to vary between laboratories via a random effect. Finally, overdispersion (excess variability in observed detections) was accounted for via random effects at two levels: in the overall annual number of detections; and specific laboratory-years. This structure allows an appropriate level of uncertainty in the agespecific trends, given the stochasticity of observed counts at different levels of aggregation. Overall numbers in each age group in the population over time were included as a denominator in the model, allowing for changes in demographics over time, in order to produce incidence rate ratios (IRR) between age groups and agespecific trends. Patients with unknown age and laboratories with fewer than 10 reports over the study period were excluded from these models. The model accounts for the varying number of reporting laboratories and changes in demographics in the population.
RESULTS
Serotype and seasonality
A total of 17 982 unique parainfluenza positive test reports were reported from 158 laboratories in England and Wales over the 16-year study period between specimen week 1 (1998) and week 52 (2013) in the LabBase dataset. HPIV-3 was the major serotype accounting for 68·3% of all positive reports with typing information available (8478/12 420), followed by HPIV-1, 20·3% (2526/12 420), HPIV-2 (7·8%, 963/12 420), and HPIV-4 (3·6%, 453/12 420). The unknown type reports accounted for 30·9% (5562/17 982) of all positive reports. The weekly distribution of HPIV infections by serotype during the study period is shown in Figure 1 . HPIV-3 infections have a regular annual seasonal peak activity period between March and June. More detections have been reported for all types of parainfluenza viruses since 2009 when the influenza A(H1N1) pandemic first emerged. HPIV-1 also shows fairly regular biennial seasonality with increased activity usually between October and December in odd-numbered years. HPIV-2 had regular biennial peaks occurring also between October and December in odd-numbered years; HPIV-4 infections were less frequently reported until 2009 and much more commonly reported ever since, usually peaking in the last quarter of the year.
Age and sex
Information on patients' age was available for 17 717 (98·5%) out of the 17 982 reports in the dataset. Of these HPIV reports with known age, 7620 (43·0%) were from infants aged <1 year, 3715 (21·0%) from children aged 1-4 years, 1089 (6·1%) from ages 5-14 years, 1861 (10·5%) from ages 15-44 years, 2148 (12·1%) from ages 45-64 years and 1284 (7·2%) from patients aged 565 years. The proportions of HPIV infections in different age groups are shown in Figure 2 , showing that overall, the most commonly affected age group was children aged <1 year followed by 1-to 4-year-olds. The differences in proportions between the age groups were gradually becoming much smaller over the study period. The proportions from infants aged <1 year have shown a significant long-term decreasing trend (P < 0·001), while the proportions for other age groups show a slow but statistically significant long-term increasing trend: 1-4 years (P < 0·01), 5-14 years (P < 0·001), 15-44 years (P < 0·01), 45-64 years (P < 0·001) and 565 years (P < 0·001). The group with the lowest proportion infected was the 5-14 years age group in recent years. Figure 3 shows the absolute number of HPIV detections in log scale by age group, serotype and specimen year to show their changing trends. The number of detections for all four serotypes increased over time in all age groups, especially HPIV-4, which has shown the fastest increase in recent years. The fastest increase by age in HPIV detections was observed in the 565 years age group for all four serotypes.
Sex was known for all but 230 (1·3%) reports. In total, 10 021 cases (55·7%) were male and 7731 (43·0%) female. This slight male dominance was seen in all age groups (especially <1-year-olds) except for the 15-44 and 565 years age groups where similar numbers were found in males and females. The slight male dominance was also observed for all HPIV serotypes except HPIV-4 where a similar number of positive reports were found for males and females.
Laboratory test methods
Laboratory testing methods recorded in the database for detecting HPIV infection during the study period included genomic detection (PCR) (34·1%), culture (15·7%), antigen detection (14·5%), light microscopy (11·1%), patient antibody detection (1·6%), electron microscopy (0·7%) and unknown/not recorded (22·3%). The genomic detection (PCR) method was first Figure 4 . It shows that PCR test increased markedly since 2007 while antigen detection methods decreased continuously; antibody test methods remained at low levels across the study period, probably due to small numbers being tested using these methods.
Clinical features
Clinical features were only recorded in a small proportion of patients (7·1%) in the database during the study period. Among those where clinical feature information was available, 237/1460 (16·2%) were recorded as having respiratory illnesses (bronchiolitis, pneumonia or croup) but the majority of the available data on clinical feature were recorded as 'Outbreak/ Cluster', 1065/1460 (72·9%).
Setting of sampling
In the analysis on settings of sampling, information was available for 54·8% of patients. Most specimens were taken from hospital inpatients (81·9%), followed by hospital outpatients (10·9%); only 2·8% were reported as from the community patients through their family doctors (2·8%).
The random-effects model for incidence rates showed that, compared to the 15-44 years age group (reference group), the HPIV IRR in the <1 year age group was 261 times higher, the 1-4 years age group was 20 times higher, the 5-14 and 45-64 years age groups were 1·8 and 1·6 times higher, respectively, while for those aged 565 years there was no significant difference (Table 1 ). The model also indicates an overall significant increasing trend of cases reported over time, particularly in older age groups while no statistically significant increase was observed in the <1 year age group ( Table 2 ). The model accounts for the varying number of reporting laboratories and changes in demographics in the population.
Data from RDMS
The weekly positive numbers and weekly proportion positive (%) by HPIV type extracted from RDMS over the period between 2010 and 2013 are presented in Figure 5 . It demonstrates that HPIV-3 was the major circulating type with regular peaks between spring and early summer each year. The peaks and patterns of numbers of positive detection and proportion positive were closely matched for HPIV-3. Both HPIV-1 and HPIV-2 mainly circulated in odd numbered years. HPIV-4 peaked every year towards the end of year between October and December. The pattern of proportion positives generally matched well with number of detections.
DISCUSSION
This report describes the epidemiological and clinical characteristics of parainfluenza infections based on laboratory surveillance data in England and Wales in the period 1998 and 2013. First, the main epidemiological features of parainfluenza virus infection in this study period have remained generally similar in terms of sex, serotype and seasonal pattern as reported in the previous study between 1975 and 1997 [22] . Second, there has been an age shift observed, with a decline in the proportion of the total positive reports in the <1-year-olds, with a concomitant increase in all other age groups, especially those aged 565 years. Third, there has been an increase in HPIV-4 infections in recent years, although HPIV-3 remains the major type of infection (68·3%) with peaks occurring between March and June each year. In many respects the epidemiology in this current analysis is similar to previous studies [2, 9, 13, 22, [26] [27] [28] [29] [30] [31] [32] , with HPIV-3 being the most common type of HPIV infection with regular annual peaks between spring and summer while other types of HPIV mainly occur between autumn and winter, with the most vulnerable population for HPIV infection remaining in young children aged <5 years with a slight male dominance. However, comparing our results with those in an earlier US report [2] , we found that although the seasonality of HPIV-3 infections was similar, our data found varied biennial peaks for HPIV-1 infections, mainly in odd-numbered years between 2003 and 2013 but the biennial peaks were not clearly presented between 1998 and 2002 while the US data showed clear and consistent biennial peaks in oddnumbered years for HPIV-1. The biennial peaks for HPIV-2 infections were also clearly present in our data in odd-numbered years in the autumn as in the US data. The pattern of biennial peaks in HPIV-1 was also observed in other US studies [3, 7, 9, 33, 34] , whereas HPIV-2 was seen in even-numbered years in other studies [27, 34] in Japan and the United States. The reasons for these geographical differences in circulation of HPIV types is unclear, but highlights the importance of ensuring local studies are undertaken to fully understand the epidemiology.
We found evidence of a long-term shift in the age distribution over the study period suggesting a relative decline for the most commonly affected population of HPIV infection in the <1-year-olds while the proportions for all the other age groups increased, especially in the elderly population, although the absolute number of infections continued to increase across all age groups to varying degrees (Fig. 3) . This means that although the <1 year age group remains the most commonly affected population with HPIV infection, it is becoming more common to detect HPIV infections in older age groups, with the 565 years age group having the fastest increase in detections in recent years. Such a shift in the age distribution has not been reported by other studies to the best of our knowledge. The decrease in infants aged <1 year might be due to, in our speculation, less chance of exposure in recent years (less sibling exposure) or more maternal historic infection due to passive antibody protection but many other factors might also play a role in this phenomenon. Our LabBase database only collects positive test results from routine laboratory tests. The increased detection of HPIV infection in older age groups could also be due to a range of factors, such as more laboratories testing for HPIV; more HPIV circulating or HPIV infection becoming more severe. The increased availability of multiplex respiratory virus testing kits in laboratories has made the HPIV test more readily available for any suspected cases, and so it is likely that the test no longer focused on young children. Indeed previous studies suggest that HPIV infection in adults is often mild [2, 13] and the highest HPIV hospitalization rate is in children aged <6 months [8, 12] . Therefore the more likely explanations for the increase in older age groups might be the increased availability of multiplex test kits and more laboratory testing since the 2009 influenza pandemic. Our data showed a significant increase in HPIV-4 detection in recent years with annual peaks between autumn and winter (Figs 1 and 3) . This increasing trend has, to the best of our knowledge, not been reported previously in the UK. Specific HPIV-4 testing is often not available in diagnostic laboratories hence the data are too sparse to reveal any pattern [2, 33] . However, a recent 4-year study showed that in China HPIV-4 infection is not a rare event and it is even slightly more common than HPIV-2 infection [26] . Moreover, outbreaks caused by HPIV-4 had been reported previously [35] . It is worth noting that even before the start of the 2009 pandemic in the UK, parainfluenza virus had already shown varied degrees of increased activities since autumn 2007 and activity levels have remained higher since then (Figs 1 and 4 ). This increased pattern was also seen for other respiratory viruses such as rhinovirus and adenovirus (data not shown). The reasons for the increase are not completely clear but are likely related to the increased testing and reporting ability of laboratories and increased availability of multiplex respiratory virus testing kits in laboratories. Clinicians are required to make decisions around which patients to test, for which pathogens, based upon patients' presenting symptoms and clinical needs. However, the testing of patients when they present with symptoms of URTI, LRTI, bronchitis or croup is most commonly undertaken for not one, but a set of common respiratory viruses including HPIV based upon the particular multiple panel in that laboratory.
Clinical features were only available in a very small proportion of patients (7·1%) in our data during the study period. The majority of the available recordings on clinical features were 'Outbreak/Cluster' (72·9%), where it is not possible to further clarify what kind of outbreaks/clusters they might be or other underlying conditions or diseases the patients might have. Previous outbreak reports of HPIV-3 infections [18, 36] have shown that HPIV can be introduced from the community to vulnerable hospitalized patients, e.g. adult bone marrow transplant unit or haematopoietic stem cell transplant patients in adult haematology unit, resulting in nosocomial transmission with severe complications and even death. This highlights the importance of strong respiratory virus surveillance and of the rapid implementation of standard respiratory infection control and prevention measures particularly for these high-risk patients and the staff responsible for them to minimize the risk of onward transmission.
There are several limitations of the PHE LabBase database. Firstly the database only contains positive testing results. However, since the 2009 influenza pandemic, a new laboratory surveillance system, the RDMS, for influenza and other respiratory viruses has been established in England [25] , which collects both positive and negative test results. This means that the proportion of positive samples (positivity) can be calculated. Clear annual seasonality of HPIV infection was shown in the RDMS using both indicators of the proportion positive and the number of positive detections. The patterns of proportion positive and number of positive detections were reassuringly generally matched well except the positivity for HPIV-1 and HPIV-4 which were peaked earlier than the actual positive numbers during the 2011/2012 season (Fig. 5) . We believe that positivity from RDMS is a more appropriate indicator or proxy for infection rate reflecting infection intensity or incidence rate in the population than the actual absolute positive numbers which would be influenced by the total number of samples tested as more testing would result in more positive results. Secondly minimal clinical and outcome information is held within both the LabBase and RDMS databases, which prevented us from giving full description or inferences on other clinical characteristics and impact of HPIV infections. Because all samples from both primary and secondary healthcare settings were included in both of the LabBase and RDMS databases, although more samples come from secondary healthcare settings due to clinical needs and based on our earlier work [25] , we do not believe that this difference would have biased our results too much on the overall national epidemiological characteristics of the HPIV infections.
The most important limitation for our study using passive, laboratory-based surveillance data may be the changes of testing methods and testing patterns across the study years. The PCR method has become a more common method reported into LabBase since 2007, which could affect whether infants, young children, and older adults are tested more often or not, and certainly will have impact on the relative proportions of detections across the age spectrum over time. Therefore cautions are needed when explaining the longterm trend of the pathogen detections. Changes in medical care seeking behaviour may also affect laboratorybased surveillance systems in countries where medical care is not provided free of charge. However, in the UK people are provided with medical care free of charge at the point of care under the NHS. Therefore the changes in medical care-seeking behaviour may not have much significant impact to our results.
In summary, our results show strong evidence that it is important to ensure a strengthened national laboratory surveillance system is set up to monitor the changes for commonly circulated respiratory viruses to provide insights into seasonality, temporal trends along with other epidemiological characteristics regarding age, sex, serotypes as well as clinical features of HPIV infections. The proportion of HPIV infection in infants aged <1 year has dropped significantly over the study period, whereas HPIV infections in other age groups are increasing. Consistent annual seasonality of HPIV-3 and biennial seasonality for HPIV-1 and HPIV-2 are also important feature of HPIV infection. The more commonly detected infections with HPIV-4 need careful and continuous monitoring. Therefore, based on this study, the clinical and public health implications are: (a) when dealing with patients presenting with respiratory symptoms, be aware of possible parainfluenza infection as a potential differential diagnosis. HPIV-3 is the main serotype circulating during the spring-summer period while other serotypes (HPIV-1, HPIV-2, HPIV-4) circulate at low levels during the autumn-winter period; (b) although HPIV infection is mainly observed in the <5-year-olds, older people in the 565 years age group are also commonly affected; (c) no vaccine or antiviral medicines with proven benefit for HPIV are available at present. Therefore the main medical management would be supportive, and prevention and control measures relying on standard respiratory hygiene measures. In conclusion, ongoing surveillance will be invaluable in monitoring the temporal trends, estimating disease burden and providing differential diagnosis between influenza infections and other infections, and evaluating impact of any future development on treatment and prevention measures.
